Motor speed and accuracy are both affected in childhood dystonia. Thus, deriving a speed-accuracy function is an important metric for assessing motor impairments in dystonia. Previous work in dystonia studied the speed-accuracy trade-off during pointto-point tasks. To achieve a more relevant measurement of functional abilities in dystonia, the present study investigates upperlimb kinematics and electromyographic activity of 8 children with dystonia and 8 healthy children during a trajectory-constrained child-relevant task that emulates self-feeding with a spoon and requires continuous monitoring of accuracy. The speed-accuracy trade-off is examined by changing the spoon size to create different accuracy demands. Results demonstrate that the trajectoryconstrained speed-accuracy relation is present in both groups, but it is altered in dystonia in terms of increased slope and offset toward longer movement times. Findings are consistent with the hypothesis of increased signal-dependent noise in dystonia, which may partially explain the slow and variable movements observed in dystonia.
Dystonia in children is defined as ''a movement disorder in which involuntary sustained or intermittent muscle contractions cause twisting and repetitive movements, abnormal postures, or both.'' 1 Features of dystonia include excessive cocontraction during voluntary movement and overflow of activity to muscles that would not normally be active in the task. 2, 3 Voluntary arm movements in dystonia are both slower and exhibit greater variability than in healthy subjects, [4] [5] [6] [7] [8] resulting in severely impaired quality of movement.
Previous studies have hypothesized that the abnormal features of dystonia can be partially explained by increased random and uncontrollable noise, 9 although the origin of this noise is not clear. The noise in the neural control signals increases with the mean level of the signals because of its signal-dependent nature. 10 In the presence of such signaldependent noise, moving as fast as possible requires large control signals, which would increase the variability of movement, thus resulting in a decreased end-point accuracy. Therefore, symptoms of dystonia are consistent with the hypothesis of an increase in the amount of signal-dependent noise, because such an increase will result in a decrease in the maximum speed achievable for movements of any specified accuracy, and this may partially explain slower and variable movements in dystonia. 11 The importance of investigating the nature of the relationship between speed and accuracy in childhood dystonia is twofold. First, the hypothesis of signal-dependent noise implies that accuracy in a task can be improved by having low control signals, which means slowing down the speed of movement, thus imposing a trade-off between speed and accuracy of movement. 10 Therefore, an increase in the amount of signaldependent noise in dystonia would be reflected in an altered speed-accuracy trade-off during task execution. Second, because moving fast and accurately can be considered a central goal of motor performance, deriving a speed-accuracy trade-off function is considered a crucial metric for execution assessment. 12 This measure is particularly suitable for dystonia, in which motor speed and accuracy are both affected, because the speed-accuracy trade-off quantifies motor performance while characterizing the motor impairments peculiar to this movement disorder.
Previous studies on children with dystonia investigated the nature of the relationship between speed and accuracy during point-to-point reaching movements toward end points of fixed size. 11, 13 However, for many tasks performed in everyday life, the quality of the motor performance goes beyond the accuracy of the final target, as is evident when transporting a glass of water or eating with a spoon. Compared to point-to-point reaching tasks with constrained end points, in which accuracy is required only at the end of the task, transporting substances with a spoon, for example, constrains the trajectory and requires the continuous monitoring of accuracy as the movement unfolds. Additionally, the mechanics of such a task directly penalize large accelerations as this leads to dropping the substances transported. To achieve a more complete and relevant measurement of the effect of the speed-accuracy trade-off on functional ability, we must examine trajectory-constrained tasks requiring accurate execution throughout the entire movement. Recent work in healthy adults has investigated motor performance during tasks that are constrained along the entire trajectory. 14, 15 Our goal, here, is to investigate the continuous speed-accuracy relation in children with dystonia and healthy children using a child-relevant task. For this reason, we have defined a task mimicking components of self-feeding, where subjects are asked to transport a marble in a spoon back and forth between 2 targets as fast as possible and without letting the marble fall. In order to avoid dropping the marble, the accuracy is constrained along the entire trajectory. It is not known whether there is a speed-accuracy trade-off for this task; therefore, we will investigate the speed-accuracy trade-off by changing the spoon size to create 4 different accuracy demands. This laboratory-based task is intended to emulate the requirement of transport of solid or liquid food between plate and the child's mouth. Eating with a spoon is complex when we consider the precise coordination of movements of the trunk, arm, and hand that is required to complete the task successfully, especially for children who have to cope with a movement disorder.
The purpose of this study is, first, to demonstrate the presence of a speed-accuracy trade-off in a trajectory-constrained task in children with dystonia and in healthy children. Second, if such a trade-off is present, it will be used to quantitatively assess and compare the motor performance of children with dystonia and healthy children, with the twofold purpose of characterizing movement abnormalities in dystonia and shedding light on the still unclear underlying mechanisms of this highly disabling movement disorder.
Methods Participants
Inclusion criteria for this study were (1) primary or secondary dystonia; (2) pediatric age (10-21 years); (3) upper limb control impairment that does not prevent the spoon task execution; (4) no cognitive impairment that prevents understanding of instructions; or (5) absence of upper-limb spasticity. Participants (Table 1) consisted of 8 children with dystonia (2 girls, 6 boys; ages 11-21 years, mean 16.1 + 3.8 years; 2 primary dystonia, 6 secondary dystonia; 1 subject (d2) with deep brain stimulation) recruited from the Children's Hospital Los Angeles Movement Disorders Clinic and diagnosed by a pediatric neurologist (TDS), and a control group with 8 healthy children (2 girls, 6 boys; ages 10-21 years, mean 15.6 + 3.7 years). The age distributions of the 2 groups were not statistically different. The University of Southern California Institutional Review Board approved the study protocol. All parents gave informed written consent for participation and authorization for use of protected health information, and all children gave written assent. The study was performed in accordance with the Declaration of Helsinki.
Experimental Task
Subjects were unrestrained seated upright at a height-adjustable desk, with their back against the back of the chair. A board with 2 targets was positioned on the desk. The distance between the centers of the 2 targets was 20 cm along the sagittal axis (X-axis). Each target was bounded by 2 plastic blocks (positioned 7 cm apart) to prevent subjects from sliding with the spoon between the 2 targets ( Figure 1 ). The plastic blocks were attached to the board.
Subjects were instructed to hold the spoon in a power grip so that the handle of the spoon was parallel to the front edge of the table (Y-axis). At the start of each trial, the experimenter positioned the spoon on the target closest to the participants (target 1) with the marble in it, and asked the subjects to grasp the spoon. After the experimenter had given a verbal go-signal, the subjects had to transport the marble in the spoon to the furthest target (target 2) (outward movement). Subsequently, they were asked to transport the marble in the spoon back to target 1 (inward movement). The subjects were instructed to reach the targets as fast as possible, without dropping the marble. They were also told to pause on the targets as long as desired before starting the following movement, and not to move the trunk. Subjects were asked to perform a block of 15 successful back-and-forth movements for each spoon size (30 one-way movements: 15 outward þ 15 inward). In case the marble fell from the spoon, subjects were instructed to start the sequence from the beginning. Each subject performed the task with 4 spoons of different sizes ( Table 2) , resulting in a grand total of 120 trials (30 one-way movements Â 4 sets; 1 set for each spoon) per participant. The order of the spoons was randomized. The marble size was constant across the trials (diameter ¼ 2.61 cm). Participants took a short break between each set and could always indicate when they needed extra rest. Before each block, each participant performed 6 practice trials. The total experiment took approximately 1 hour.
When only 1 side was affected by dystonia, patients performed the task with the impaired arm. If dystonia was present on both sides, subjects were asked to use their most affected arm, as long as the severity of symptoms was compatible with the task execution. The dominant arm, assessed with a modified Edinburgh Handedness Inventory, 17 was used for control children. The other hand rested on the tabletop. 
Apparatus

Data Analysis and Statistics
Data analysis was executed with Matlab R2011b (Mathworks, Natick, MA). Statistical analysis was performed using RStudio, version 0.98.981 (RStudio Inc., Boston, MA), and the R-package lme4, version 1.1-7. 18 Kinematic analysis. Before performing the kinematic analysis, kinematic data were processed with a low-pass Butterworth filter (fifth order, 5 Hz). Each sequence of movements was then cut into 30 individual 1-way movements. The beginning (t ONSET ) and end (t OFFSET ) of each movement were identified by the first and last time points at which the velocity values exceeded the sum of the mean value and twice the standard deviation of a 200-millisecond segment selected before the onset of the movement. Four different accuracy requirements were achieved by changing the spoon size ( Table 2 ). The difficulty of the task is related to the depth of the spoon, and we define the index of difficulty (ID) as the ratio of the marble size to the depth of the spoon.
The Movement Time (MT) was defined as the duration of each 1-way movement. Velocity and acceleration curves were obtained by differentiating the kinematic filtered data of SPO over the trajectory. Peak velocity (V max ) and peak acceleration (A max ) were defined as the maxima of the velocity and acceleration curves respectively and were calculated for each 1-way movement.
Smoothness is regarded as a hallmark of skilled and coordinated movements and it is typically estimated using jerk, the timederivative of acceleration. 19 To quantify smoothness properly, it is important that the jerk-based measure is independent of duration and amplitude of movement. 20 Thus, for each 1-way movement, we calculated a dimensionless measure of Jerk as:
where L is the length of the trajectory of the 1-way movement. 21 Trajectories of SPO, ELB, and ACR in the 3-dimensional space of every 1-way movement were time-normalized by resampling them to the mean duration of the 1-way movements for the group. For each subject, for each spoon size, the 30 (resampled) trajectories of SPO, ELB, and ACR were separated in 15 inward and 15 outward movements. For each group of 15 movements, mean and standard deviation of these trajectories were computed for each time frame. The average over time frames of these standard deviations was computed and the mean value between outward and inward movements was taken as an index of intrasubject trajectory variability (Trial-to-Trial Variability) for SPO, ELB, and ACR separately.
Speed-accuracy trade-off. According to Fitts, 22 the speed-accuracy relationship that characterizes the motor performance is due to a limitation of information transmission in the human motor system. Therefore, the Index of Performance (IP), expressed by the inverse of the linear equation slope, represents the information-processing capacity, and it is regarded as a measure of performance. 22 The IP for this trajectory-constrained task was calculated as the inverse of the slope of the linear function between MT and ID for each subject.
Electromyograph analysis. Before performing the analysis, each electromyographic signal was processed with a stop-band Butterworth filter (fifth order, 60 Hz). Stop-band filtering was applied at the acquisition frequency and multiples (Butterworth, fifth order, 100, 200, 300 Hz) to cancel electrical interference introduced by the recording system. Signals of the subject with dystonia implanted with deep brain stimulation electrodes were also stop-band filtered (Butterworth, fifth order) in correspondence to the deep brain stimulation frequency and multiples. To extract the linear envelopes, electromyographic signals were full-wave rectified and low-pass filtered (Butterworth, fifth order, 15 Hz). The envelopes were then normalized to the muscle's maximum rectified and filtered electromyographic amplitude observed during the maximum voluntary contraction recordings, thus obtaining signals ranging from 0 to 1. As a consequence of the synchronization between electromyography and kinematics, it was possible to cut the electromyographic signals into single 1-way movements.
For each 1-way movement, the root mean square electromyographic activation was used as an index of the force exerted by each muscle (Muscle Force).
Cocontraction of antagonist muscles is a typical parameter of interest in dystonia, because excessive cocontraction and abnormalities in the time course of reciprocal inhibition between antagonist groups of muscles are considered to be cardinal features of some types of dystonia. 1, 2 For this reason, the levels of cocontraction (CC) between BIC and TRIC and between AD and PD were investigated. For each pair of antagonist muscles, CC was computed as the minimum value of the electromyograph (normalized envelopes) between the 2 muscles of each time sample, averaged over each 1-way movement. 23 Statistical analysis. The aim of the statistical analysis applied was to express the relationships in our data in terms of a function. The design of our experiment had multiple measures for each subject, which violates the independence assumption. This assumption is necessary to run the linear regression analysis that is usually applied for this purpose. Instead of averaging data for each subject, which implies a loss of information, we applied a more robust linear mixed effects analysis, which resolves nonindependence by assuming different random intercepts for each subject.
In particular, we performed a linear mixed effects analysis on MT. As fixed effects, we entered ID (4 levels) and Group (2 levels) into the model. As random effects, we had intercepts for subjects, as well as by-subject random slopes for the effect of ID.
MT $ ID þ Group þ ð1 þ IDjSubjectÞ The inverse of this random slope for each subject was the subject's IP. Then, to investigate a possible difference in IP between the 2 groups (Dystonia and Control), we applied an independent samples t test (P value <.05).
The linear mixed effects analyses on V max , A max , Jerk, and Trajectory Variability (SPO, ELB, and ACR) comprised ID (4 levels) and Group (2 levels) as fixed effects, and intercepts for subjects as a random effect.
Dependent variable $ ID þ Group þ ð1jSubjectÞ
For the linear mixed effects analyses on Muscle Force, we entered ID (4 levels), Group (2 levels), and Muscle (5 levels) as fixed effects. As random effect, we had intercepts for subjects.
The linear mixed effects analysis on CC comprised ID (4 levels), Group (2 levels), and Muscle Pair (2 levels) as fixed effects, and intercepts for subjects as a random effect.
Once we had created the models, in order to test if the fixed effects significantly affected the dependent variable, we compared the model including all the factors (Full) against a reduced model without the effect in question (Null), for each dependent variable and for each factor. Similarly, in order to test interaction, that is, interdependence between 2 fixed effects, we compared the model that takes into account the interaction between fixed effects (Full) against the model without the interaction (Null), for each dependent variable. For all comparisons, P values and Akaike's information criterion values 24 (AIC) were obtained by likelihood ratio tests of the Full model with the Null model. If the factor in question significantly affects the dependent variable, then the comparison will report a significant P value (<.05) and an AIC value lower for the Full model (AIC Full ). Similarly, a significant interaction between factors will result in a significant difference between the Full and the Null models (P value < .05), with the Full model characterized by a lower AIC.
Results
Movement Time and Index of Performance
The likelihood ratio test reported a significant effect of ID on MT (AIC Full ¼ 587.74; AIC Null ¼ 606.26; P < .0001), meaning that this trajectory-constrained task effectively imposes a speed-accuracy trade-off. MT increases with ID by 0.4477 + 0.0692 seconds (standard error). A significant effect on MT was reported also for the fixed effect Group (AIC Full ¼ 587.74; AIC Null ¼ 593.18; P ¼ .0064). MT of the control group was 0.6638 + 0.1508 seconds lower than MT of the group with dystonia. A significant interaction between the 2 fixed effects was reported (AIC Full ¼ 578.52; AIC Null ¼ 587.74; P ¼ .0008), meaning that the effect of ID on the dependent variable MT was different for the 2 groups (Figure 2A) . The inverse of the by-subject random slopes extracted from the MT mixed model represents the subject-specific IP for this trajectoryconstrained task. Statistics reported a significant difference in IP between healthy subjects and subjects with dystonia (Control: 4.1385 + 0.4300 s -1 ; Dystonia: 2.1227 + 0.5809 s -1 ; P ¼ .0154) ( Figure 2B ).
Peak Velocity
A significant effect of ID on V max was observed (AIC Full ¼ 12892; AIC Null ¼ 14512; P < .0001). V max decreases with ID by 17.8088 + 0.3483 cm/s. A significant effect on V max was reported also for the fixed effect Group (AIC Full ¼ 12892; AIC Null ¼ 12906; P ¼ .0001). The peak velocity of the control group was 21.8213 + 4.3540 cm/s higher than the group with dystonia. The likelihood ratio reported a significant interaction between the 2 fixed effects (AIC Full ¼ 12890; AIC Null ¼ 12892; P ¼ .0301). The difficulty of the task affected the dynamics of motion in different ways for the 2 groups.
Peak Acceleration
A significant effect of ID on A max was observed (AIC Full ¼ 22156; AIC Null ¼ 23361; P < .0001). A max decreases with ID by 178.928 + 4.325 cm/s 2 . A significant effect on A max was reported also for Group (AIC Full ¼ 22156; AIC Null ¼ 22167; P ¼ .0003). Compared to the group with dystonia, the peak acceleration of the control group was higher by 144.272 + 32.058 cm/s 2 . The likelihood ratio reported a significant interaction between the 2 fixed effects (AIC Full ¼ 22093; AIC Null ¼ 22156; P < .0001). The difficulty of the task affected the dynamics of motion in different ways for the 2 groups.
Jerk
Jerk was significantly affected by ID (AIC Full ¼ 56027; AIC Null ¼ 56050; P <.0001). Jerk increased with ID by 217308 + 42840. A significant effect on Jerk was reported also for Group (AIC Full ¼ 56027; AIC Null ¼ 56030; P ¼ .0273). Jerk was increased by a factor 321285 + 134771 for the group with dystonia, meaning that movements in dystonia are less smooth and less coordinated compared to the control group. The likelihood ratio reported a significant interaction between the 2 fixed effects (AIC Full ¼ 55998; AIC Null ¼ 56027; P < .0001). The difficulty of the task affected the smoothness of movement in different ways for the 2 groups. 
Trial-to-trial Variability
Muscle Force
Muscle Force was not affected by ID (AIC Full ¼ -46329; AIC Null ¼ -46330; P ¼ .2796), whereas it was significantly affected both by Group (AIC Full ¼ -46329; AIC Null ¼ -46326; P ¼ .0207) and Muscle (AIC Full ¼ -46329; AIC Null ¼ -45656; P < .0001). The Muscle Force exerted during task execution by the group with dystonia was increased by a factor 0.0131 + 0.0051 compared to the control group (Figure 3) . The likelihood ratio reported a significant interaction between the 2 fixed effects Group and Muscle (AIC Full ¼ -46719; AIC Null ¼ -46329; P < .0001), meaning that the 2 groups adopted different muscular strategies and force distribution.
Cocontraction
CC was neither affected by ID (AIC Full ¼ -19029; AIC Null ¼ -19030; P ¼ .2777) nor Group (AIC Full ¼ -19029; AIC Null ¼ -19031; P ¼ .3957), whereas it was significantly affected by Muscle Pair (AIC Full ¼ -19029; AIC Null ¼ -18896; P < .0001). CC between AD and PD was increased by a factor 0.0070 + 0.0006 compared to BIC and TRIC. The likelihood ratio reported a significant interaction between the 2 fixed effects ID and Group (AIC Full ¼ -19046; AIC Null ¼ -19029; P < .0001), as well as between the 2 fixed effects Group and Muscle Pair (AIC Full ¼ -19039; AIC Null ¼ -19029; P ¼ .0008). This means that, for the 2 groups, CC is modulated in different ways according to the difficulty of the task and the muscle pair, consistent with the findings on Muscle Force that report different muscular involvement between the 2 groups.
Discussion
In the present study, we propose a simple task that is related to daily life and imposes a speed-accuracy trade-off on the entire trajectory.
Results showed that the trajectory-constrained speedaccuracy relation is present in children with dystonia and in healthy children. Indeed, movement time was related to the difficulty of the task. This feature allowed us to easily and quantitatively measure the motor performance in a trajectoryconstrained functional motor task. The Index of Performance reflects the efficiency of the motor system to deal with tasks of increasing difficulty 25 and it is a common measure of performance in the literature, but it is usually extracted in tasks with constrained end points accuracy. [26] [27] [28] [29] The Index of Performance proposed in the present study represents a more complete and informative measure because, the task accuracy being constrained along the whole trajectory, the index summarizes and quantifies the motor performance as a whole. In this study, children with dystonia had an Index of Performance that was significantly decreased compared to control subjects, showing an overall reduced ability to perform the task. The time required to move from one target to the other was significantly higher in children affected by dystonia than in control children. In other words, our results show that children with dystonia do present a speed-accuracy trade-off in continuous accuracy constrained daily tasks, but that the nature of this trade-off is altered both in terms of increased slope and offset toward longer movement times, confirming the results reported for point-to-point reaching movements, during which children with dystonia required significantly larger targets to achieve speed comparable with that of control children. 11, 13 This means that, for patients with dystonia, the speed of movement is more sensitive to accuracy requirements, and that the speed to accomplish a certain level of accuracy is decreased compared to healthy subjects. Our finding is consistent with the hypothesis of an increase in the amount of signal-dependent noise in dystonia. If the variance of the noise increases with the control signal, fast movements requiring large control signals are characterized by increased variability, resulting in inaccuracy of motion. 9 For this reason, accuracy can be improved only by slowing down the speed of movement. The slower movements observed in dystonia, characterized by decreased peak velocity and acceleration, can at least partially be explained as a compensatory strategy for the increased variability due to increased signal-dependent noise. Indeed, the increased amount of noise affecting the sensorimotor system in dystonia is reflected in the ) exerted over 15 one-way outward movements. Plots report data from 1 control subject (c2: gray; columns 1 and 3) and 1 child with dystonia (d3: black; columns 2 and 4) during the execution of the task with 2 spoons, the one that imposes the lowest ID (S1) and the one that imposes the highest ID (S4). Horizontal axes show the time expressed as percentage of movement duration (the 15 movements are time-normalized to the mean duration). Vertical axes amplitude scales are different between the 2 subjects for clarity purpose. The figure shows that the child with dystonia exerts more muscle force compared to the healthy child. It is worth noting that the noise that affects the electromyograph increases with the difficulty of the task, and that this trend is more accentuated for the child with dystonia.
abnormal kinematics of these children, characterized by jerky, poorly coordinated, and variable movements.
Both primary and secondary dystonia are associated with dysfunction or injury to the basal ganglia. [30] [31] [32] Neurophysiological studies support the theory that, when voluntary movement is generated, the basal ganglia are responsible for the focused selection of the desired motor patterns and for the inhibition of undesired and competing motor mechanisms that would otherwise interfere with the planned movement. [33] [34] [35] According to several motor control theories, the process of generating voluntary movement can be divided into 2 steps: a planning stage and an execution stage. Because the speed-accuracy trade-off has been reported also in the absence of overt movement, [36] [37] [38] the presence of a trade-off between speed and accuracy can be considered the consequence of a proper motor planning stage. While performing our task, children with dystonia show a speed-accuracy trade-off, which suggests a successful motor planning. Thus, movement abnormalities arising from dysfunction of the basal ganglia in dystonia may be related to the inability to remove unwanted movement components, thus affecting the execution step, rather than to the inability to select the desired movement during the planning stage. Previous studies suggested that this inability to suppress noisy and unwanted movement components may result in the impaired kinematics 9 and in the aberrant electromyographic activity peculiar to dystonia. In accordance with this hypothesis, our results reported abnormalities both in the kinematics and in the electromyographs of children with dystonia. In particular, electromyography results showed that children with dystonia exerted an aberrant increased amount of muscle force during task execution. We also observed that, compared to control children, children with dystonia adopted different muscle strategies and faced the increasing difficulty of the task by modulating the relative recruitment of antagonist muscles in different ways. It is worth noting that in accordance with previous studies, 23 children with dystonia do not present increased levels of cocontraction, compared to control subjects. This suggests that patients modulate cocontraction in a different way compared to control subjects as a strategy to compensate for the uncontrollable force production.
The speed-accuracy operator has been previously investigated in other movement disorders involving basal ganglia dysfunctions. [39] [40] [41] Similar results were reported for Parkinson disease patients, whose speed-accuracy trade-off in point-topoint tasks was less efficient than in healthy subjects. 40, 42, 43 In particular, Sheridan and Flowers 44 hypothesized that bradykinesia in Parkinson disease might be a strategy actively adopted by patients to improve their accuracy. Another study 45 tested Huntington disease patients and healthy controls in a task that stressed accuracy. Huntington disease patients showed increased movement time and higher intrasubject variability compared to controls. The slowness of movement in Huntington disease and Parkinson disease is similar to that seen in dystonia. However, the mechanisms in these conditions are probably different. Indeed, bradykinesia in Parkinson disease usually coexists with hypokinesia or akinesia, whereas Huntington disease is more reminiscent of dystonia, with bradykinesia occurring in conjunction with hyperkinesia. 46 Notwithstanding different complex mechanisms underlying the basal ganglia dysfunctions in these motor disturbances, a common hypothesis about basal ganglia pathophysiology is that disease may make the basal ganglia output noisy. 46 It is likely that this noise is reflected in the altered speed-accuracy trade-off observed in these movement disorders.
To conclude, we have proposed a simple but relevant daily life task that imposes a continuous speed-accuracy trade-off. Our results further characterize the kinematic and electromyographic abnormalities of upper-extremity movements in childhood dystonia. We have shown that the Index of Performance reflects quality and efficiency of the motor performance and it can be used to assess and compare the sensorimotor abilities between children with dystonia and healthy subjects. Children with dystonia showed a significantly lower Index of Performance and increased Movement Time compared to healthy children, consistent with the hypothesis of increased signaldependent noise in dystonia. Notwithstanding increased noise, children with dystonia showed the ability to calibrate task velocity according to the accuracy demand. Because a change in the speed-accuracy trade-off is expected to reflect learning, 15 the Index of Performance proposed in the present study can have practical and useful implications in motor learning studies for children with dystonia. Importantly, we have developed a method for precisely quantifying the ability to perform a task relevant to daily life. In the future, this task may help reveal subtle yet relevant changes (possibly due to rehabilitation methods or changes in disease state) that otherwise may have been overlooked or difficult to quantify.
